Investigation of a community cluster of cutaneous
| INTRODUC TI ON
Mycobacterium marinum (M. marinum) is a nontuberculous mycobacterium and a recognized fish pathogen that is capable of causing infections in humans. (Johnson & Stout, 2015) . It is a slow-growing and ubiquitous waterborne mycobacterial species, common in both native and aquaculture environments (Haenen, Evans, & Berthe, 2013; Weir, Rajić, Dutil, Cernicchiaro, et al., 2012; Weir, Rajić, Dutil, Uhland, & Bruneau, 2012) . The Centers for Disease Control and Prevention lists M. marinum as an emerging zoonotic pathogen; one that is not currently on the surveillance "radar" in Canada (Even-Paz, Haas, Sacks, & Rosenmann, 1976; Jernigan, Barry, & Farr, 2000) . In human infections, M. marinum commonly gains access through skin abrasions and lacerations exposed to freshwater or salt water, or injuries related to fish spines (Haenen et al., 2013) .
M. marinum infections often present as superficial and self-limiting skin lesions involving the extremities of the body such as hands, forearms, elbows and knees and are not transmitted from person to person (Even-Paz et al., 1976; Weir, Rajić, Dutil, Cernicchiaro, et al., 2012; . M. marinum infections present unique diagnostic and therapeutic challenges, particularly related to missed or delayed diagnosis and appropriate therapy.
Additionally, the incubation period for M. marinum varies considerably, ranging from 5 to 270 days (Francis-Floyd, 2011) .
Numerous public health concerns have been associated with aquaculture, including potential exposure to zoonotic pathogens, routine use of antibiotics and antimicrobial resistance (Falkinham, 1996; Jernigan et al., 2000) . Specifically, M. marinum is a concern in recirculating water systems in intensive aquaculture farming because once M. marinum bacteria are established, they are difficult to eradicate (Petrini, 2006) . As aquaculture production and the consumption of aquaculture products increase, the incidence of acquired zoonotic infections including M. marinum may also increase. A hypothesis-generating questionnaire was developed based on a questionnaire used in a similar outbreak investigation reported in New York City, United States (Acklesberg & Varma, 2014) . The hypothesis-generating questionnaire was used for the initial follow-up of suspect cases through telephone interviews. 
| MATERIAL S AND ME THODS

| Case finding
Impacts
• Mycobacterium marinum is not a reportable disease in Ontario, Canada, and to our knowledge, this is the first reported M. marinum cluster investigation in Ontario.
• As commercial aquaculture farming becomes increasingly popular in Ontario, the public health field may face ongoing challenges related to emerging zoonotic infections and outbreaks.
• Strategies to mitigate zoonotic infections caused by M. marinum are highly recommended for intensive aquaculture facilities to reduce the potential for M. marinum infection to employees and other persons exposed to aquaculture products.
| Public health measures
The cluster investigation working group reviewed relevant published literature and identified an approach for the investigation of the suspected M. marinum outbreak. Upon inspection of the aquaculture facility, as well as a local retailer, who sourced shrimp from the facility, it was noted that personal protective equipment (PPE) (e.g., gloves) was not consistently worn by individuals/employees at both facilities who handled shrimp or cleaned tools or surfaces, potentially increasing the risk of injury and/or infection. It was also identified that the water quality in the tanks at the aquaculture facility was a concern as the grow-out tanks (tanks in which the shrimp grow and mature for 14-16 weeks) were never emptied and refilled with potable water and did not undergo any routine disinfection or cleaning. The main water supply to the facility was from a dug well in an open field approximately 900 m from the facility and had never been tested for microbiological or chemical parameters.
There were no water treatment methods in place. Additionally, the counter surfaces used when harvesting the shrimp were not consistently washed or disinfected with chlorine solution as per industry standards.
Based on the inspection results, a media release was issued to notify the public of the situation, to advise individuals to seek medical attention for any SSTI possibly related to freshwater, salt water or injuries associated with fish spines or other seafood matching the suspect case definition and to ensure safe practices including hand washing when handling raw fish, shellfish or meat. A provincial Public Health Alert was also posted on the Canadian Network for Public Health Intelligence to notify other public health units across Ontario, as the cases resided in communities served by more than one Public Health Unit. Public health messaging was also provided to local healthcare providers regarding the laboratory testing protocol for submission of specimens for detection of M. marinum in suspect cases as well as requesting that they notify public health authorities if additional cases were suspected.
The public health inspector (PHI) who inspected the aquaculture facility provided several recommendations to the facility as well as to the local retail outlet where the shrimp had been sold, including:
• replace hand towels at the hand washing station at the aquaculture facility with disposable paper towels;
• wear personnel protection equipment (PPE) such as gloves when handling the shrimp or cleaning areas likely exposed to
M. marinum;
• treat the water supply with an ultraviolet light as a standard precaution to ensure all production water is potable;
• use mechanisms for water filtration such as mechanical filters or biological filtration to decrease the bacterial load in the aquaculture environment to mitigate the risk of exposure to bacteria in the water;
• use hydrogen peroxide as an after-harvest rinse of shrimp to reduce biofilm formation and the bacterial load of M. marinum (based on literature and discussions with food safety representatives from the provincial food and agriculture ministry);
• provide a thermometer in the refrigerator and maintain the temperature at 4°C or lower, to limit the potential for bacterial growth; and
• improve the information handout provided to consumers and handlers of unprocessed fish and shellfish by making it easier to read and re-emphasizing the use of gloves in the handling and processing of fish and shellfish at all times.
The PHI also recommended that general signage be posted in various areas of the retail facility where shrimp/product had been sold, highlighting the importance of safe food handling practices.
| RE SULTS
Five cases (one confirmed, four suspect) were females and two cases (suspect) were males. The cases ranged in age from 27 to 74 years (median: 48 years). Symptom onset dates ranged from 
| D ISCUSS I ON
Mycobacterium marinum is typically found in nonchlorinated water occupying many aquatic environments, commonly infecting fish and amphibians in a worldwide distribution (Haenen et al., 2013) .
M. marinum is not a reportable disease in Ontario, and to our knowledge, this is the first reported M. marinum cluster investigation in
Ontario. There were several unique challenges that the outbreak investigation team identified during the investigation such as: the uniqueness of the intensive aquaculture facility itself, specifically the lack of water filtration mechanism; the long incubation period associated with M. marinum SSTIs; the paucity of published literature related to M. marinum cluster investigations related to intensive aquaculture facility that sold directly to consumers; and the outbreak being multijurisdictional, involving local and provincial agencies that required coordination of investigative efforts, risk mitigation implementation and communication.
The main source of exposure for the acquisition of M. marinum infection among the cases in the cluster was handling of shrimp that were grown in the implicated aquaculture facility. Biosecurity measures are important to aquaculture facilities. They consist of practices that minimize the risk of introduction and spread of infectious agents to animals at a facility, other sites, or to other susceptible species (Yanong, & Erlacher-Reid, 2012) . As M. marinum is of concern in recirculating water systems (Weir, Rajić, Dutil, Cernicchiaro, et al., 2012; , there is the potential for M. marinum infections to occur in persons who handle or clean the system contents (water, fish or shellfish) and are unaware of the potential for infection and do not use PPE. Water quality characteristics common in intensive systems such as type and level of organic matter, and crowded marine (e.g., shrimp) populations are all conducive to bacterial growth. The M. marinum bacteria are only killed if the source water is treated with a specific chlorine concentration (≥0.6 mg/L10) (Havelaar, Berwald, Groothuis, & Baas, 1985; Park & Brewer, 1976) ; however, this method cannot be used in facilities growing commercial fish and shellfish intended for human consumption. The use of hydrogen peroxide as an after-harvest rinse was suggested to disinfect the harvested shrimp given its antibacterial properties when used as a surface disinfectant at 3% concentration.
A 35% hydrogen peroxide solution has been approved by the US Food and Drug Administration to kill specific pathogens in fish and fish eggs (Yanong & Erlacher-Reid, 2012) . It has been also considered environmentally safe because hydrogen peroxide breaks down into oxygen and water (Yanong & Erlacher-Reid, 2012) . However, we are not aware of any published literature that discusses the palatability of fish or shellfish after rinsing with hydrogen peroxide.
In order to mitigate the risk of exposure by decreasing the bacterial load in the aquaculture environment, it was recommended that mechanisms for water filtration (Mason et al, 2016 ) (e.g., mechanical filters, biological filtration and ultraviolet disinfection) be considered for use. The feasibility of installing such water filtration mechanisms at these types of commercial aquaculture facilities is unknown and needs further review.
To reduce the risk of exposure to M. marinum, it was recommended that information is made available and displayed in aquaculture facilities and retailers of aquaculture products, emphasizing the risk(s) of zoonotic infection. This information should include the signs and symptoms of a clinical infection and images of typical infections (e.g., cutaneous lesions), and best practices using PPE for the handling of aquaculture products such as shrimp. We did not conduct any performance measurement after the recommendations were made. Strategies to mitigate zoonotic infections caused by M. marinum (Dailloux, Hartemann, & Beurey, 1980) are highly recommended for intensive aquaculture facilities to reduce the potential for M. marinum infection to employees and other persons exposed to aquaculture products.
| CON CLUS ION
As commercial aquaculture farming becomes increasingly popular, public health may face ongoing challenges related to emerging zoonotic infections and outbreaks. Public health messaging strategies, especially around mitigating the potential zoonotic risks of pathogenic mycobacteria including symptoms of infection, were very useful in minimizing the impact of this health hazard and could be applied to similar outbreaks in the future.
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